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MARKED-UP COPY OF SUBSTITUTE SPECIFICATION 
ANTENNA DEVICE AND COMMUNICATION APPARATUS 

Cross-Reference to Prior Application 

This is a U.S. National Phase Application under 35 
U,S.C. §371 of International Patent Application No. 
PCT/JP2004/019337, filed December 24, 2004, and claims the 
benefit of Japanese Patent Application Nos. 2003-430022, 
filed December 25. 2003; 2004-070875, filed March 12, 2004; 
2004-071513, filed March 12, 2004; 2004-228157, filed August 
4, 2004; 2004-252435, filed August 31, 2004 and 2004-302924, 
filed October 18, 2004, all of which are incorporated by 

reference herein. The International Application was 

published in Japanese on July 14, 2005 as International 
Publication No. WO 2005/064743 under PCT Article 21(2). 

TECHNICAL FIELD 

The present invention relates to an antenna device used 
for a mobile communication radio apparatus such as a mobile 
phone and a radio apparatus for specific low-power radio 
communication or weak radio communication and a 
communication apparatus including the antenna device. 
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BACKGROUND ART 

In general, a monopole antenna where a wire element 
having a length of 1/4 of an antenna operating wavelength is 
disposed on a base plate is used as a line-shaped antenna. 
In addition, in order to obtain the monopole antenna having 
a small size and a low profile # an inverted L-shaped cuitenna 
has been developed by folding and bending a middle portion 
of the monopole antenna* 

However, in the inverted L-shaped antenna, since a 
reactance section defined by a length of a horizontal 
portion of the antenna element parallel to the base plate 
has a large capacitive value, it is difficult to obtain 

matching at a feed line of 50Q. Therefore, in order to 
facilitate the matching between the antenna element and the 

feed line having SOQ, there is proposed an inverted F- shaped 
antenna. The inverted F-shaped antenna includes a stub for 
connecting the base plate to a radiation element in the 
vicinity of the feed point disposed at a middle portion of 
the antenna element. By doing so, the capacitive value 
caused from the reactance section, it is possible to easily 

obtain matching to the feed line having 50Q (see, for 
example, Non Patent DocumQnt 1 " Illustrated Antenna System", 
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by Hujimoto Kyohei, October 1996, p> 118-119, Sougou Denshi 
Publishing Company ) . 

in addition, for example, in a communication apparatus 
such as a mobile phone, a commimication control circuit is 
disposed in an inner portion of a case, and an antenna 
device is disposed in an inner portion of atn auitenna 
receiving portion provided to protrude from the case. 

However, recently, a mobile phone coping with multi- 
band has been provided, so that a characteristic for 
multiple frequencies is required forfaee a built-in antenna 
device used for the mobile phone. As a general provided one, 
there are a dual band mobile phone for GSM (Global System 
for Mobile Commimication) using a band of 900MHz and DCS 
(Digital Cellular System) using 1.8GHz in Europe and a dual 
band mobile phone for AMPS (Advanced Mobile Phone Service) 
using a band of 800MHz and PCS (Personal Communication 
Services) using a band of 1.9GHz band. As a built-in 
antenna device used for the mobile phone coping with the 
dual bands, antennas manufactured by modifying a planar 
inverted F-shaped antenna or an inverted F-shaped antenna 
are widely used. 

Conventionally, as such an antenna device, there is 
proposed an antenna device constructed by forming a slit in 
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a radiation plate on a plate of a planar inverted F-shaped 
antenna and dividing the radiation plate into first and 
second radiation plates, thereby performing resonance with a 
frequency corresponding to a wavelength which is about 1/4 
of path lengths (see, for example, Patent DOGumcnt U apanese 
Unexamined Patent Application Publication No, 10-93332 (Fig. 
21). 

In addition, there is proposed an antenna device 
constructed by disposing an non-excitation electrode in the 
vicinity of an inverted F-shaped antenna disposed on a 
conductor pleuie and generating even and odd modes, thereby 
performing resonance with a frequency corresponding to a 
wavelength which is about 1/4 of lengths of radiation 
conductors (see, for exanple. Patent Dooumcnt 2 Japanese 
Unexamined Patent Application piablication No> 9-326632 (Fig« 
21), 

In addition, there is proposed an antenna device using 
line-shaped first inverted L-shaped antenna element and 
second inverted L-shaped antenna element, thereby performing 
resonance with two different frequencies (see, for example. 
Patent Document 3 Japanese Unexamined Patent Application 
publication No. 2002-185238 (Fig. 2) ) • In the antenna 
device, a length of a radiation conductor needs to be about 
1/8 to 3/8 with respect to the resonance frequency. 
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In addition, in an anteima device, there is the 
following Formula 1 as a relation between a size of an 
antenna element and antenna characteristics (se e Non Datont 
DoGumont 2 "New Antenna Engineering", by Hiroyuki, September 
1996, p. 108-109, Sougou Denshi Publishing Company ) . 

(Electrical Volume of 
Antenna) / (Band) X (Gain) X (Efficiency) = Constant Value - 
(Formula 1) 

In Formula 1, the constant value is a value defined 
according to a type of an antenna. 

[Patent Documont 11 Japanooo UnoKominod Patent 
Application Publication No. 10 - 93332 (Fig. 2) 

[Patent Documont 2] Japanopo Unoxominod Patent 

Application Publication No. D 326632 (Fig. 2) 

[Patent DoQiomcnt 3] Japanooc Unexamined Patent 

Application Publication No. 2002 185238 (Fig. 2) 

[Non Patent Documont 1] — "Illuotratod Antenna Cyotom", 

by Hujimoto Kyohei, Octobor 19Q6, p. 11 8 119/ — Gougou Donohi 
Publiahing Company 

[ Non Patent Dooumcnt 2] — "New Antenna Engineering'^, by 

Hiroyuki, CQptcmbcr 1996, p. 10 8 109, Sougou Donohi 
Publishing Company 



DISCLOSURE SUMMARY OF THE INVENTION 



Howeveri in a conventional inverted F-shaped antenna, 
since a length of a horizontal portion of the antenna 
element parallel to the base plate needs to be about 1/4 of 
the antenna operating wavelength, there is a need for 
lengths of 170inm and 240jnm for a specific low-power radio 
communication having a band of 430MH2 and a weak radio 
communication using a frequency of about 315MHz, 
respectively. For the reason, it is difficult to apply a 
built-in antenna device to a practical radio apparatus in a 
relatively low frequency such as a band of 400MHz. 

In addition, when a conventional antenna device is 
applied to a low frequency band such as 800MHz, there is a 
problem in that a size of the antenna device greatly 
increases. For example, in an application to a low 
frequency band such as 800MHz, there is a problem in that a 
size of the antenna device greatly increases. 

In addition, Foncaila 1 represents that, when an antenna 
device having the same shape is miniaturized, a band of the 
antenna device is reduced, so that the radiation efficiency 
is reduce. Therefore, for example, since a mobile phone 
having a band of 800MHz utilizes an FDD (Frequency Division 
Duplex) scheme using different frequency bands for 
transmission and reception in Japan, it is difficult to 
implement a compact built-in antenna capable of covering 
transmission and reception bands. 
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In addition, in the conventional antenna device, since 
two loading elements are disposed in a straight line shape, 
when the antenna device is received in an antenna receiving 
portion, it protrudes into an inner portion of a case, so 
that an arrangement of a communication control circuit is 
limited. Therefore, there is a problem in that a space 
factor is deteriorated. 

The present invention is contrived in order to solve 
the problems, and an object of the present invention is to 
provide an antenna device which can be miniaturized even in 
a relatively low frequency band such as 400MHz band. 

In addition, an object of the present invention is to 
provide a compact antenna device having two resonance 
frequencies. 

In addition, an object of the present invention is to 
provide a communication apparatus including a compact 
antenna device having two resonance frequencies and having a 
good space factor. 

In order to solve the aforementioned problems, the 
present invention en^loys the following constructions. 
According to an aspect of the invention, there is provided 
an antenna device having compriGing ; a substrate; a conductor 
film which is disposed on a portion of the substrate; a feed 



7 - 



point disposed on the substrate; a loading section disposed 
on the substrate and constructed with a line-shaped 
conductor pattern which is formed in a longitudinal 
direction of an elementary body made of a dielectric 
material; an inductor section which connects one end of the 
conductor pattern to the conducive film; and a feed point 
which feeds a current to a connection point of the one end 
of the conductor pattern and the inductor sect ion « wherein a 
longitudinal direction of the loading section is arranged to 
be parallel to an edge side of the conductor film. 

According to the antenna device of the present 
invention, although a physical length of an antenna element 
parallel to the conductor film is shorter than 1/4 of an 
antenna operating wavelength, an electrical length can be 
1/4 of the antenna operating wavelength due to a combination 
of the loading section and the inductor section. Therefore, 
in terms of the physical length, the antenna device can be 
miniaturized greatly, so that even in a relatively low 
frequency band such as 400MHz band, the present invention 
can be applied to a built-in antenna device for a practical 
radio apparatus. 

In addition, it is preferable that, in the antenna 
device of the present invention, a capacitor section is 
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connected between the connection point and the feed section. 

According to the antenna device of the present 
invention, since the capacitor section which connects the 
feed point to the one end of the conductor pattern is 
provided and a capacitance of the capacitor section is set 
to a predetermined value, it is possible to easily match an 
in^edance of the antenna device at the feed point. 

In addition, it is preferable that, in the antenna 
device of the present invention, the loading section 
includes a concentrated constant element. 

According to the antenna device of the present 
invention, the electrical length is adjusted by the 
concentrated constant element formed the loading section. 
Therefore, it is possible to easily set a resonance 
frequency without changing a length of the conductor pattern 
of the loading section. In addition, it is possible to 
match an impedance of the antenna device at the feed point. 

In addition, it is preferable that, in the antenna 
device of the present invention, a line-shaped meander 
pattern is connected to the other end of the conductor 
pattern . 

According to the antenna device of the present 
invention, since the line-shaped meander pattern is 
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connected to the conductor pattern, it is possible to obtain 
an antenna section having a wide band or a high gain. 

In addition, it is preferable that, in the antenna 
device of the present invention, the capacitor section 
includes a capacitor section which is constructed with a 
pair of planar electrodes formed on the elementary body to 
face each other. 

According to the antenna device of the present 
invention, since a pair of planar electrodes facing each 
other are fomed in the elementary body, the loading section 
and the capacitor section can be formed in a body, 
Therefore, it is possible to reduce the number of parts of 
the antenna device. 

In addition, it is preferable that, in the antenna 
device of the present invention, one of a pair of the planar 
electrodes is disposed on a surface of the elementary body 
and can be trimmed. 

According to the antenna device of the present 
invention, since one of planar electrode formed on a surface 
of the elementary body among a pair of the plcuiar electrodes 
constituting the capacitor section is trimmed by, for 
example, laser beam, it is possible to adjust the 
capacitance of the capacitor section. Therefore, it is 
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possible to easily match an ixnpedance of the antenna device 
at the feed point. 

In addition, it is preferable that, in the antenna 
device of the present invention, a multiple-resonance 
capacitor section is equivalently serially connected between 
two different points of the conductor pattern. 

According to the euitenna device of the present 
invention, a resonance circuit is formed with the conductor 
pattern between the two points and the multiple-resonance 
capacitor section serially connected thereto. Therefore, it 
is possible to obtain a compact antenna device having 
multiple resonance frequencies. 

In addition, it is preferable that, in the antenna 
device of the present invention, the conductor pattern is 
wound around the elementary body in a longitudinal direction 
thereof in a helical shape. 

According to the antenna device of the present 
invention, since the conductor pattern is formed in a 
helical shape, it is possible to increase a length of the 
conductor pattern, so that it is possible to increase a gain 
o£ the antenna device. 

In addition, it is preferable that, in the antenna 
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device of the present invention, the conductor pattern is 
formed on a surface of the elementary body in a meander 
shape . 

According to the antenna device of the present 
invention, since the conductor pattern is formed in a 
meander shape, it is possible to increase a length of the 
conductor pattern, so that it is possible to increase a gain 
of the cintenna device. In addition, since the conductor 
pattern is formed on a surface of the elementary body, it is 
possible to easily form the conductor pattern. 

In order to solve the aforementioned problems, the 
present invention employs the following constructions. 
According to another aspect of the invention, there is 
provided an antenna device comprising: a substrate;, a 
conductor film which is formed to extend in one direction on 
a surface of the substrate; first and second loading 
sections which are disposed to be separated from the 
conductor film on the substrate and constructed by forming a 
line-shaped conductor pattern on an elementary body made of 
a dielectric material, a magnetic material, or a complex 
material having dielectric and magnetic properties; an 
inductor section which is connected between one end of the 
conductor pattern and the conductor film; and a feed section 
which feeds a current to a connection point of the one end 
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of the conductor pattern and the inductor section, wherein a 
first resonance £reG[uency is set by the first loading 
section, the inductor section, and the feed section, and a 
second resonance frequency is set by the second loading 
section, the inductor section, and the feed section. 

According to the antenna device of the present 
invention, the first antenna section having the first 
resonance frequency is constructed with the first loading 
section, the inductor section, and the feed section, and the 
second antenna section having the second resonance frequency 
is constructed with the second loading section, the inductor 
section, and the feed section. In the first and second 
antenna sections, although a physical length of an antenna 
element is shorter than 1/4 of an antenna operating 
wavelength, it is satisfied that an electrical length 
becomes 1/4 of the antenna operating wavelength due to a 
combination of the loading section and the inductor section- 
Therefore, in case of an antenna device having two resonance 
frequencies, the antenna device can be miniaturized greatly. 

In addition, electrical lengths of the first and second 
antenna sections are adjusted by adjusting the inductance of 
the inductor section. Therefore, it is possible to easily 
set the first and second resonance frequencies. 
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In addition, it is preferable that, in the antenna device of 
the present invention, any one or both of the first and 
second loading sections includes a concentrated constant 
element. 

According to the antenna device of the present 
invention, since the electrical length is adjusted by the 
concentrated constant element provided to the loading 
section, it is possible to easily set a resonance frequency 
without changing a length of the conductor pattern of the 
loading section. 

In addition, it is preferable that, in the antenna 
device of the present invention, a line-shaped meander 
pattern is connected to the other end of the conductor 
pattern. 

According to the antenna device of the present 
invention, since the line-shaped meander pattern is 
connected to the conductor pattern, it is possible to obtain 
an antenna section having a wide band or a high gain. 

In addition, it is preferable that, in the antenna 
device of the present invention, an extension member is 
connected to the other end of the conductor pattern. 

According to the antenna device of the present 
invention, since the extension member is disposed, it is 
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possible to obtain an antenna section having a wider band 
and a higher gain. 

In addition, it is preferable that, in the antenna 
device of the present invention, an extension msnber is 
connected to a front end of the meander pattern. 

According to the antenna device of the present 
invention, it is possible to obtain an antenna device having 
a wider band and a higher gain than the antenna section 
similar to the aforementioned antenna device. 

In addition, it is preferable that, in the antenna 
device of the present invention, an inpedeuice adjusting 
section is connected between the connection point and the 
feed section. 

According to the antenna device of the present 
invention, it is possible to easily adjust impedance at the 
feed section by using the irppedance adjusting section • 

In addition, it is preferable that, in the antenna 
device of the present invention, the conductor pattern is 
wound around the elementary body in a longitudinal direction 
thereof in a helical shape. 

According to the antenna device of the present 
invention, since the conductor pattern is formed in a 
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helical shape, it is possible to increase a length of the 
conductor pattern, so that it is possible to increase a gain 
of the antenna device. 

In addition, it is preferable that, in the antenna 
device of the present invention, the conductor pattern is 
formed on a surface of the elementary body in a meander 
shape. 

According to the antenna device of the present 
invention, since the conductor pattern is formed in a 
meander shape, it is possible to increase a length of the 
conductor pattern, so that it is possible to increase a gain 
of the antenna device, in addition, since the conductor 
pattern is formed on a surface of the elementary body, it is 
possible to easily form the conductor pattern. 

In order to solve the aforementioned problems, the 
present invention employs the following constructions. 
According to still another aspect of the invention, there is 
provided a communication apparatus having comprioing ; a case; 
and a communication control circuit which is disposed in an 
inner portion of the case; and an antenna device which is 
connected to the commianication control circuit, wherein the 
case includes a case body and an antenna receiving portion 
which is disposed to extend from one side wall of the case 
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body outward, wherein the antenna device includes: a 
substantially L-shaped substrate which has a first substrate 
portion extending in one direction and a second substrate 
portion curved from the first siibstrate portion and 
extending toward a lateral direction of the first substrate 
portion; a ground connection portion which is disposed on 
the substrate and connected to a ground of the communication 
control circuit; a first loading section which is disposed 
on the first substrate portion and constructed by forming a 
line-sliaped conductor pattern on an elementary body made of 
a dielectric material, a magnetic material, or a con^lex 
material having dielectric and magnetic properties; a second 
loading section which is disposed on the second substrate 
portion and constructed by forming a line-shaped conductor 
pattern on an elementary body made of a dielectric material, 
a magnetic material, or a complex material having dielectric 
and magnetic properties; an inductor section which connects 
ends of the first and second loading sections to the groiind 
connection portion; and a feed section which is connected to 
the communication control circuit and feeds a current to a 
connection point of the ends of the first and second loading 
section and the inductor section, and wherein any one of the 
first substrate portion provided with the first loading 
section and the second substrate portion provided with the 
second loading section are disposed in the antenna receiving 
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portion, and the other is disposed along an inner surface of 
the one side wall. 

According to the present invention, the first antenna 
section having the first resonance frequency is constructed 
with the first loading section, the inductor section, and 
the feed section, and the second antenna section having the 
second resonance frequency is constructed with the second 
loading section, the inductor section, and the feed section. 
Here, although a physical length of an antenna element is 
shorter than 1/4 of an cuitenna operating wavelength, it is 
satisfied that an electrical length becomes 1/4 of the 
antenna operating wavelength due to a combination of the 
loading section and the inductor section. Therefore, the 
antenna device can be miniaturized greatly. 

In addition, since the one of two loading sections is 
received in an antenna receiving portion and the other is 
disposed along an inner surface side of one side wall of a 
case body« a space factor becomes better without limitation 
to cm arrangement position of a coanmtinication control 
circuit . 

In addition, since the loading section disposed in the 
inner portion of the antenna receiving portion is disposed 
to protrude toward the outside of the case, it is possible 
to iii%>rove transmission and reception characteristics of the 
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antenna section having the loading section. 

In addition, it is preferable that, in the 
communication apparatus of the present invention, the 
antenna device includes a concentrated constant element 
provided to any one or both of the first and second loading 
sections . 

According to the present invention, due to the 
concentrated constant element formed to the loading section, 
is possible to easily set a resonance frequency by cuijusting 
the electrical length without changing a length of the 
conductor pattern of the loading section. In addition, it 
is possible to match an impedance of the antenna device at 
the feed point. 

In addition, it is preferable that, in the 
communication apparatus of the present invention, the 
antenna device includes an impedance adjusting section which 
is connected between the connection point and the feed 
section. 

According to the present invention, it is possible to 
match an impedance at the feed point by using the impedance 
adjusting section. Therefore, it is possible to efficiently 
perform signal transmission without providing a separate 
matching circuit for matching impedances between the antezma 
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device and the conimxinication control circuit. 

In addition, it is preferable that, in the 
communication apparatus of the present invention, the 
conductor pattern is wound arotind the elementary body in a 
longitudinal direction thereof in a helical shape. 

According to the present invention, since the conductor 
pattern is formed in a helical shape, it is possible to 
increase a length of the conductor pattern, so that it is 
possible to increase a gain of the suitenna device. 

In addition, it is preferable that, in the 
communication apparatus of the present invention, the 
conductor pattern is formed on a surface of the elementary 
body in a meander shape. 

According to the present invention, since the conductor 
pattern is formed in a meander shape, it is possible to 
increase a length of the conductor pattern, so that it is . 
possible to increase a gain of the antenna device similar to 
the aforementioned invention. In addition, since the 
conductor pattern is formed on a surface of the elementary 
body, it is possible to easily form the conductor pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing an antenna device according to 
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a first embodiment of the present invention. 

Fig. 2 is a perspective view showing the antenna device 
according to the first embodiment of the present invention. 

Fig. 3 is a graph showing a frequency characteristic of 
the antenna device according to the first embodiment of the 
present invention. 

Fig. 4 is a graph showing a radiation pattern of che 
antenna device according to the first embodiment of the 
present invention. 

Fig. 5 is a perspective view showing an antenna device 
according to a second embodiment of the present invention. 

Fig. 6 is a perspective view showing an antenna device 
according to a third embodiment of the present invention. 

Fig. 7 is a perspective view showing an antenna device 
according to a fourth embodiment of the present invention. 

Fig. 8 is a perspective view showing an example of the 
antenna device according to the fourth embodiment of the 
present invention. 

Fig. 9 is a perspective view showing an exair^le of an 
antenna device according to a fifth embodiinent of the 
present invention. 

Fig. 10 is a perspective view showing an antenna device 
according to a sixth embodiment of the present invention. 

Fig. 11 is an equivalent circuit view showing the 
antenna device according to the sixth embodiment of the 
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present invention. 

Fig. 12 is a graph showing a VSWR frequency 
characteristic of the antenna device according to the sixth 
embodiment of the present invention. 

Fig. 13 is a perspective view showing an antenna device 
to which the present invention is applied rather than the 
sixth embodiment of the present invention. 

Fig. 14 is a perspective view showing an antenna device 
according to a seventh embodiment of the present invention. 

Fig. 15 is an equivalent circuit view showing the 
antenna device according to the seventh embodiment of the 
present invention. 

Fig. 16 is a graph showing a VSWR frecjuency 
characteristic of the antenna device according to the 
seventh embodiment of the present invention. 

Fig. 17 is a perspective view showing cm antenna device 
according to an eighth embodiment of the present invention. 

Fig. 18 is an equivalent circuit view showing the 
antenna device according to the eighth embodiment of the 
present invention. 

Fig. 19 is a graph showing a VSWR frequency 
characteristic of the antenna device according to the eighth 
embodiment of the present invention. 

Fig. 20 shows a mobile phone according to a ninth 
embodiment of the present invention, (a) is a perspective 
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view thereof, and (b) is a perspective view showing an 
antenna device. 

Fig, 21 is a schematic diagram showing the antenna 
device according to the ninth embodiment o£ the present 
invention* 

Fig. 22 (a) is a perspective view showing a first 
loading device in Fig. 20, and Fig, 22 (b) is a perspective 
view showing a second loading device. 

Fig. 23 is a schematic diagram showing the antenna 
device in Fig. 20. 

Fig. 24 is a graph showing a VSWR characteristic of the 
antenna in Fig. 20. 

Fig. 25 is a schematic plan view showing an external 
antenna to which the present invention is applied rather 
than the ninth embodiment of the present invention. 

Fig. 26 is a schematic view showing an antenna device 
according to a tenth embodiment of the present invention. 

Fig. 27 is a schematic view showing the antenna device 
in Fig, 26. 

Fig. 28 is a perspective view showing an emtenna device 
according to an eleventh embodiment of the present invention. 

Fig. 29 is a schematic view showing the antenna device 
in Fig. 28. 

Fig. 30 is a graph showing a VSWR frequency 
characteristic of the antenna in Fig. 28. 
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Fig. 31 is a graph showing a directionality of the 
antenna in Fig. 28. 

Fig. 32 is a perspective view showing an outer 
appearance of a mobile phone according to a twelfth 
embodiment of the present invention. 

Fig. 33 is a cross sectional view showing a portion of 
a first case in Fig. 32. 

Fig. 34 is a plan view showing an antenna device in Fig. 

33. 

Fig. 35 shows loading devices in Fig. 34, (a) is a 
perspective view of a first loading device# and (b) is a 
perspective view of a second loading device. 

Fig. 36 is a schematic view showing the antenna device 
in Pig. 34. 

Fig. 37 shows a loading section according to a first 
example of the present invention, (a) is a plan view thereof, 
and (b) is a front view thereof. 

Fig. 38 shows a loading section according to a second 
example of the present invention, (a) is a plan view thereof, 
and (b) is a front view thereof. 

Fig. 39 is a graph showing a VSWR frequency 
characteristic of the antenna device according to the first 
example of the present invention. 

Fig. 40 is a graph showing a VSWR frequency 
characteristic of the antenna device according to the second 
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example o£ the present invention. 

Fig. 41 shows a VSWR frequency characteristic of an 
antenna device according to the present invention, (a) is a 
graph for an antenna device according to a third example, 
and (b) is graph for an antenna according to a conqparative 
example • 

Fig. 42 shows a radiation pattern of a vertical 
deviating wave of an antenna device according to the present 
invention, (a) is a graph for an antenna device according to 
the third example, and (b) is graph for an antenna according 
to an comparative example. 

Fig. 43 is a graph showing a relation between a 
frequency and a VSWR of a mobile phone according to a fourth 
example of the present invention. 

Fig. 44 is a graph showing a directionality of the 
mobile phone according to the foiurth example of the present 
invention. 

Fig. 45 is a plan view showing an antenna device 
according to other embodiment of the present invention. 

BEST MODE FOR CARRYING OUT DETAILED DESCRIPTION OF THE 

INVENTION 

Hereinafter, cm antenna device according to a first 
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embodiment of the present invention will be described with 
reference to Figs. 1 and 2. 

The antenna device 1 according to the embodiment is cui 
antenna device used for a mobile communication radio 
apparatus such as a mobile phone and a radio apparatus for 
specific low-power radio communication or weak radio 
communication . 

As shown in Figs. 1 and 2, the antenna device 1 
includes a substrate 2 which is made of an insulating 
material such as a resin, an earth section 3 which is a 
rectangular conductor film disposed on a surface of the 
substrate 2, a loading section 4 which is disposed on one- 
side surface of the substrate 2, an inductor section 5, a 
capacitor section 6, and a feed point P which is disposed at 
an outer portion of the antenna device 1 to be connected to 
a radio frequency circuit (not shown) . In addition, the 
antenna operating frequency is adjusted by the loading 
section 4 and the inductor section 5, so that waves are 
arranged to be radiated with a central frequency of 430 MHz. 

The loading section 4 is constructed by forming a 
conductor pattern 12 in a helical shape in a longitudinal 
direction on a surface of a rectangular parallelepiped 
elementary body 11 made of a dielectric material such as 
aliuaina. 
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Both ends of the conductor pattern 12 are electrically 
connected to connection electrodes 14A an 14B disposed on a 
rear surface of the elementary body 11, respectively, so as 
to be electrically connected to rectangular setting 
conductors 13A and 13B disposed on the surface of the 
substrate 2. In addition, one end of the conductor pattern 
12 is electrically connected through the setting conductor 
13B to the inductor section 5 and the capacitor section 6, 
and the other end thereof is formed as an open end. 

The loading section 4 is disposed to be separated from 
an edge side 3A of the earth section 3 by a distance Ll of, 
for exaxitple, 10mm, and a length L2 of the loading section 4 
in the longitudinal direction is arranged to 16mm, for 
example. 

In addition, since a physical length of the loading section 
4 is shorter than 1/4 of an antenna operating wavelength, a 
self resonance frequency of the loading section 4 is higher 
than the ouitenna operating frequency of 430MHz. Therefore, 
in terms of the antenna operating frequency, the antenna 
device 1 is not considered to perform self resonance, so 
that a property thereof is different from that of a helical 
antenna which performs the self resonance with the antenna 
operating frequency. 
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The inductor section 5 includes a chip inductor 21 and 
is constructed to be connected to the setting conductor 13B 
through an L~shaped pattern 22 which is a line-shaped 
conductive pattern disposed on the svirface of the substrate 
2 and to the earth section 3 through the earth section 
connection pattern 23 which is a line-shaped conductive 
pattern disposed on the surface of the substrate 2, 

An inductance of the chip inductor 21 is adjusted so 
that a resonance frequency due to the loading section 4 and 
the inductor section 5 becomes 430MHz, that is, the antenna 
operating frequency of the antenna device 1. 

In addition, the L-shaped pattern 22 is formed to have 
an edge side 22A parallel to the earth section 3 and a 
length L3 of 2.5mm. nierefore, a physical length L4 of an 
antenna element parallel to the edge side 3A of the earth 
section 3 becomes 18.5mm. 

The capacitor section 6 includes a chip capacitor 31 
and is constructed to be connected to the setting conductor 
13B through a setting conductor connection pattern 32 which 
is a line-shaped conductive pattern disposed on the surface 
of the substrate 2 and to the feed point P through the feed 
point connection pattern 33 which is a line-shaped 
conductive pattern disposed on the surface of the siibstrate 
2. 
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A capacitance of the chip capacitor 31 is adjusted so 
as to be matched with the impedance at the feed point P. 

A frequency characteristic of a VSWR (Voltage Standing 
Wave Ratio) of the €mtenna device 1 at a frequency of from 
400 to 450MHz and a radiation pattern of horizontal and 
vertical polarization waves are shown in Figs. 3 and 4, 
respectively. 

As shown in Fig. 3# the antenna device 1 has the VSWR 
of 1.05 at a frequency of 430Hz and a bandwidth of 14.90MHz 
at the VSWR of 2.5. 

Next, transmission and reception of waves in the 
antenna device 1 according to the embodiment is described. 
In the antenna device 1 having such a construction, a high 
frequency signal having the antenna operating frequency 
transmitted from a radio frequency circuit to the feed point 
P is transmitted from the conductor pattern 12 as a wave. A 
wave having a frequency equal to the antenna operating 
frequency is received by the conductor pattern 12 and 
transmitted from the feed point P to the radio frequency 
circuit as a high frequency signal. 

At this time, due to the capacitor section 6 having a 
capacitance capable of matching an input impedance of the 
antenna device 1 to the impedsoice at the feed point P, the 
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transmission and reception of waves can be performed in a 
state that a power loss is reduced. 

In the antenna device 1 having such a construction, 
although the physical length of the antenna element parallel 
to the edge side 3A of the earth section 3 is 18,5mm, the 
electrical length becomes 1/4 of a wavelength due to a 
combination of the loading section 4 and the inductor 
section 5, so that the antenna device can be miniaturized 
greatly to have a size of about 1/10 of the 1/4 wavelength 
of the 430MHz electromagnetic wave, that is, 170mm. 

By doing so, even in a relatively low frequency band 
such as 400MHz band, the present invention can be applied to 
a built-in euitenna device for a practical radio apparatus. 

In addition, since the conductor pattern 12 is wound a 
helical shape in the longitudinal direction of the 
elementary body 11, the conductor pattern 12 can become long, 
so that it is possible to ixr^rove a gain of the antenna 
device 1. 

In addition, since impedance matching at the feed point 
P is formed 1;^ the capacitor section 6, there is no need to 
provide a matching circuit between the feed point P and the 
radio frequency circuit, so that it is possible to suppress 
deterioration in radiation gain caused from the matching 
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circuit and efficiently perform transmission and reception 
of wave. 

Next, a second embodiment is described with reference 
to Pig. 5, In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals, and description 
thereof is omitted. 

A difference between the first and second embodiments 
is as follows. In the antenna device 1 according to the 
first embodiment, a connection to the feed point P is formed 
by using the capacitor section 6. However, in an antenna 
device 40 according to the second embodiment, the connection 
to the feed point P is formed try using a feed point 
connection pattern 41, and a chip inductor 42 is provided as 
a concentrated constant element between the setting 
conductor 13B and the inductor section 5. 

Namely, the antenna device 40 includes a loading 
section 43, a setting conductor 13B, a feed point connection 
pattern 41 which connects a connection point of the loading 
section 43 and an inductor section 5 to a feed point P, a 
connection conductor 44 which connects a conductor pattern 
13 to the inductor section 5, and a chip inductor 42 
provided to the connection conductor 44. 
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Similar to the aforementioned first embodiment, in the 
antenna device 40 having such a construction, the physical 
length thereof can be greatly reduced by a combination of 
the loading section 43 and the inductor section 5. 

In addition, since an electrical length of the loading 
section 43 can be adjusted by the chip inductor 42, it is 
possible to easily set a resonance frequency without 
adjusting a length of the conductor pattern 12. 

In addition, since impedance matching at the feed point 
P is formed, it is possible to suppress deterioration in 
radiation gain caused from a matching circuit and 
efficiently perform transmission and reception of wave. 

In addition, in the embodiment, as a concentrated 
constant element, the inductor is used, but the present 
invention is not limited thereto. The capacitor may be used, 
or a parallel or serial connection of the inductor and the 
capacitor may be used. 

Next, a third embodiment is described with reference to 
Fig. 6. In addition, the later description, the components 
described in the aforementioned embodiment are denoted by 
the same reference numerals, and description thereof is 
omitted. 

A difference between the first and third embodiments is 
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as follows. In the antenna device 1 according to the first 
embodiment, the conductor pattern 12 of the loading section 
4 is woimd in a helical shape around the elementary body 11 
in the longitudinal direction thereof. However, in an 
antenna device 50 according to the third ^nbodiment, the 
conductor pattern 12 of the loading section 4 is formed in a 
meander shape on a surface of the elementary body 11. 

Namely, the conductor pattern 52 having a meander shape 
is formed on the surface of the elementary body 11, and both 
ends of the conductor pattern 52 are connected to connection 
electrodes 14A and 14B, respectively. 

In the antenna device 50 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the cuitenna device 1 according to the first 
embodiment, and since the loading section 51 having a 
meander shape is constructed by foztning a conductor on the 
surface of the el^entary body 11, it is possible to easily 
manufacture the loading section 51. 

Next, a fourth embodiment is described with reference 
to Pig. 7. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals, and description 
thereof is omitted. 
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A difference between the first and fourth embodiments 
is as follows. In the antenna device 1 according to the 
first embodiment, the capacitor section 6 has the chip 
capacitor 31, and impedance matching of the antenna device 1 
at the feed point P is formed by using the chip capacitor 31. 
However, in an antenna device 60 according to the fourth 
embodiment, a capacitor section 61 has a pair of planar 
electrodes, that is, first and second plemar electrodes 62 
and 63 which are formed in an elementary body 11 to face 
each other, and the impedance matching of the antenna device 
60 at a feed point F is formed by using the capacitor 
section 64. 

Namely, a conductor pattern 12 is formed in a helical 
shape on a surface of the elementary body 12, and the first 
planar electrode 62 which is formed on the surface of the 
elementary body 11 to be electrically coimected to one end 
of the conductor pattern 12 and the second planar electrode 
63 which is disposed in an inner portion of the elementary 
body 11 to be face the first planar electrode 62 are formed. 

The first planar electrode 62 can be arranged to be 
trimmed by forming a gap G, for example, by laser beam, so 
that it is possible to change a capacitance of the capacitor 
section 64. 

In addition, the first planar electrode 62 is connected 
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to a connection electrode 66A disposed on a rear surface of 
the elementary body 11 so as to be electrically connected to 
rectangular setting conductors 13A, 65A, and 65B disposed on 
the surface of the substrate 2. 

In addition, similar to the first planar electrode 62, 
the second planar electrode 63 is connected to a connection 
electrode 66B disposed on the rear surface of the elementary 
body 11 so as to be electrically connected to the setting 
conductor 65B. The setting conductor 65B is electrically 

« 

connected through the feed point connection pattern 33 to 
the feed point P. 

The inductor section 67 is connected to the setting 
conductor 65B though an L-shaped pattern 22 which is a line-* 
shaped conductive pattern where a chip inductor 21 is 
disposed on the surface of the substrate 2. 

In the antenna device 60 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the antenna device 1 according to the first 
embodiment, and since the first and second planar electrodes 
62 and 63 facing each other are formed in the elementary 
body 11, the loading section 4 and the capacitor section 64 
can be formed in a body. Therefore, it is possible to 
reduce the niamber of parts of the antenna device 60. 
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In addition, since first planar electrode 62 can be 
trimmed by the laser beam, the capacitance of the capacitor 
section 64 can be changed, so that it is possible to easily 
match an impedance at the feed point P. 

In addition, although the conductor pattern 12 has a 
helical shape formed by winding around the elementary body 
11 in the longitudinal direction thereof in the antenna 
device 60 according to the aforementioned fourth embodiment i 
an antenna device 70 may be formed to have an conductor 
pattern 52 having a meander shape as shovm in Fig« 8 similar 
to the third embodiment. 

Namely, as shown in Fig. 9, a meander pattern 71 is 
formed in a meander shape and connected to a land 13A of the 
loading section 4 on the surface of the siibstrate 2. The 
meander pattern 71 is disposed so that a long €Lxis thereof 
is parallel to the conductor film 3. 

In the antenna device 70 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the antenna device 40 according to the second 
embodiment, and since the meander pattern 71 is connected to 
the front end of the loading section 4, it is possible to 
obtain an antenna device having a wide band or a high gain. 
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In addition, although the conductor pattern 12 has a 
helical shape formed by winding arotand the elementary body 
11 in the longitudinal direction in the antenna device 70 
according to the aforementioned fifth embodiment, the 
conductor pattern may have a meander shape similar to the 
third embodiment. 

Next, a sixth embodiment is described with reference to 
Figs. 10 to 12. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals, and description 
thereof is omitted. 

A difference between the first and sixth embodiments is 
as follows. In an antenna device 80 according to the sixth 
embodiment, a multiple-resonance capacitor section 81 is 
serially connected between both ends of the conductor 
pattern 12. 

Namely, as shown in Fig. 10, the multiple-resonance 
capacitor section 81 includes planar conductors 83A and 83B 
which are formed on upper and lower surfaces of an 
elementary body 82A, a straight line conductor 84A which 
connects the planar conductor 83 A to a connection conductor 
14A, and a straight line conductor B4B which connects the 
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planar conductor 83B to a connection conductor 14B. 

The elementary body 82A is stacked on a surface of an 
elementary body 82B which is stacked on a surface of the 
elementary body 11* In addition, all the elementary bodies 
82A and 82B are made of the same material as the elementary 
body 11. 

The planar conductor 83A is a substantially rectangular 
conductor and formed on a rear surface of the elementary 
body 82A. In addition, the planar conductor 83B is a 
substcuitially rectangular conductor similar to the planar 
conductor 83A and formed on a surface of the elementary body 
82A to partially face the planar conductor 83 A. 

The planar conductors 83A and 83B are connected to both 
ends of the conductor pattern 12 through the straight line 
conductors 84A and 84B, respectively, and disposed to face 
each other through the elementary body 82 A, thereby forming 
a capacitor. 

As shown in Fig. 11, in the antenna device 80, an 
antenna section 85 having a first resonance frequency is 
constructed with the loading section 4, the inductor section 
5, the capacitor section 6, and the multiple-resonance 
capacitor section 81, and a multiple-resonance section 86 
having a second resonance frequency is constructed with the 
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multiple-resonance capacitor section 81 and the loading 
section 4. 

Fig. 12 shows a VSWR characteristic of the antenna 
device 80. As shown in the figure, the antenna section 85 
represents the first resonance frequency fl, the multiple- 
resonance section 86 represents the second resonance 
frequency f2 which is higher than the first resonance 
frequency fl. In addition, by adjusting a material used for 
the elementary body 82A or a facing area of the planar 
conductors 83A and 83B, it is possible to easily change the 
second resoneuice frequency. 

In the antenna device 80 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the first embodiment, and the multiple-resonance 
capacitor section 81 is serially connected between both ends 
of the conductor pattern 12, there is provided the multiple- 
resonance section 86 having the second resonance frequency 
f2 different from the first resonance frequency fl of the 
antenna section 85. Therefore, it is possible to a coinpact 
antenna device having two resonance frequencies, for example, 
900MHz for GSM (Global System for Mobile Communication) in 
Europe and 1.8GHz for DCS (Digital Cellular System). 

In addition, according to the embodiment, as shown in 
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Fig. 13, there may be provided an antenna device 88 having a 
meander pattern 87 formed on a front end portion of the 
loading section 4. In the antenna device 88, the meander 
pattern 87 having a meander shape is connected to the land 
13A of the loading section 4 on a surface of the substrate 2. 

The meander pattern 87 is disposed so that a long axis 
thereof is parallel to the conductor film 3. 

in the antenna device 88 having such a construction^ 
since the meander pattern 87 is connected to the front end 
of the loading section 4, it is possible to obtain an 
cuitenna device having a wide band or a high gain. 

Next, a seventh embodiment is described with reference 
to Figs. 14 to 15. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference nimerals, and description 
thereof is omitted. 

A difference between the seventh and sixth embodiments 
is as follows. In the antenna device 80 according to the 
sixth embodiment, the single multiple- resonance capacitor 
section 81 is connected. However, in an antenna device 90 
according to the seventh embodiment, a multiple-resonance 
capacitor section 91 is serially connected between two 
points, that is, a front end of the conductor pattern 12 and 
a substantially central point of the conductor pattern 12, 



- 40 - 



and a multiple-resoiiaiice capacitor section 92 is serially 
connected between two points, that is, a. base end of the 
conductor pattern 12 and the sxibstantially central point of 
the conductor pattern 12. 

Namely, as shown in Fig. 14, the multiple-resonance 
capacitor section 91 is constructed with planar conductors 
93A and 93B formed on upper and lower surfaces of an 
elementary body 82A and a straight line conductor 94 which 
connects the planar conductor 93 A to the connection 
conductor 14A. In addition, similar to the multiple- 
resonance capacitor section 91, the multiple-resonance 
capacitor section 92 is constructed with planar conductors 
95A and 95B and a straight line conductor 96 which connects 
the plcinar conductor 95B to the connection conductor 143. 

The planar conductor 93A is a substantially rectangular 
conductor and formed on a rear surface of the elementary 
body 82A. In addition, similar to the planar conductor 93A, 
the planar conductor 93B has a sxibstantially rectangular 
shape and formed to partially face the planar conductor 93A 
on a surface of the elementary body 82A. The planar 
conductor 95A is a substantially rectangular conductor and 
formed on an upper surface of the elementary body 82A. In 
addition, similar to the planar conductor 95A, the plcinar 
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conductor 95B lias a substantially rectangular shape and 
formed to partially face the planar conductor 95A on the 
rear surface of the elementary body 82 A. 

In addition, the planar conductors 93B and 95A are 
formed not to be in contact with each other. 

The planar conductors 93A cuad 95B cure connected through 
straight line conductors 94 and 96 to both ends of the 
conductor pattern, respectively. In addition, the planar 
conductors 93B and 95A are connected to a center of the 
conductor pattern 12 via through-holes passing through the 
elementary bodies 82A and 82B and filled with a conductive 
member. In this manner, the planar conductors 93A and 93B 
are disposed to face each other through the elementary body 
82A to constitute a capacitor, and the planar conductors 95A 
and 95B are disposed to face each other to constitute 
another capacitor. 

As shown in Fig. 15, in the antenna device 90, an 
antenna section 97 having a first resonance frequency is 
constructed, a first multiple-resonance section 98 having a 
second resonance frequency is constructed with the multiple- 
resonance capacitor section 91 and the conductor pattern 12 
between two points connected thereto, and a second multiple- 
resonance section 99 having a third resonance frequency is 
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constructed with the multiple-resonance capacitor section 92 
and the conductor pattern 12 between two points connected 
thereto . 

Fig, 16 shows a VSWR characteristic of the antenna 
device 90. As shown in the figure* the antenna section 97 
represents the first resonance frequency fll, the first 
multiple-resonance section 98 represents the second 
resonance frequency fl2 which is higher than the first 
resonance frequency fll* and the second multiple-resonance 
section 99 represents the third resonance frequency fl3 
which is higher than the second resonance frequency fl2. In 
addition, by adjusting a material used for the elementary 
body 82A or a facing area of the planar conductors 93A and 
93B, it is possible to change the second resonance frequency. 
Similarly, by adjusting a material used for the elementary 
body 82A or a facing area of the planar conductors 95A and 
95B, it is possible to change the third resonance frequency. 

In the antenna device 90 having such a construction, it 
is possible to obtain the same fianctions and effects as 
those of the sixth embodiment, and since the two multiple- 
resonance capacitor sections 91 and 92 are serially 
connected between two points of the conductor pattern 12, 
the first multiple-resonance section 98 having the second 
resonance frequency fl2 and the second multiple-resonance 
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section 99 having the third resonance frequency £13 are 
fomed. Therefore, it is possible to a contact antenna 
device having three resonance frequencies, for example, for 
GSM, DCS, and PCS (Personal Coramunication Services) . 

In addition, according to the embodiment, similar to 
the aforementioned sixth embodiment, there may be provided a 
meander pattern 87 having a meander shape and connected to 
the land 13A of the loading section 4. 

Next, an eighth embodiment is described with reference 
to Figs, 17 to 19. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference nimierals, and description 
thereof is omitted. 

A difference between the eighth and seventh embodiments 
is as follows. In the antenna device 90 according to the 
seventh embodiment, the capacitor is formed by facing the 
two planar conductors through the elementary body 82A. 
However, in an antenna device 100 according to the eighth 
embodiment, there are provided multiple-resonance capacitor 
sections 101 and 102 constituting a capacitor using a 
parasite capacitance generated with respect to the conductor 
pattern 12. 
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As shown in Fig. 17, the multiple -resonance capacitor 
section 101 is constructed with a planar conductor 103 
formed on an upper surface of the elementcury body 82A and a 
straight line conductor 104 which connects the planar 
conductor 103 to the connection conductor 14A. In addition, 
the multiple-resonance capacitor section 102 is constructed 
with a planeu: conductor 105 formed on an upper surface of 
the elementeury body 82A and a straight line conductor 106 
which connects the planar conductor 105 to the connection 
conductor 14£. 

The planar conductor 103 is a substantially rectangular 
conductor and formed on a rear surface of the elementary 
body 82B. In addition, similar to the planar conductor 103, 
the planar conductor 105 has a substantially rectangular 
shape and fomed on a surface of the elementary body 82B. 
In this manner, the planar conductor 103 and the conductor 
pattern 12 are disposed to face each other through the 
elementary body 82B, so that a capacitor is equivalent ly 
formed due to a parasite capacitance between the planar 
conductor 103 and the conductor pattern 12. In addition, 
similarly, the planar conductor 105 and the conductor 
pattern 12 are disposed to face each other through the 
elementary body 823, so that another capacitor is 
equivalently formed due to a parasite capacitance between 
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the planar conductor 105 and the conductor pattern 12. 

In addition, the planar conductors 103 and 105 are 
formed not to be in contact with each other. 

As shown in Fig. 18/ in the antexma device 100, c\n 
antenna section 106 having a first resonance frequency is 
constructed with the loading section 4, the inductor section 
5/ and the capacitor section 6, a first multiple-resonance 
section 107 having a second resonance frequency is 
constructed with the multiple-resonance capacitor section 
101 and the conductor pattern 12 between two points 
connected thereto, and a second multiple-resonance section 
108 having a third resonance frequency is constructed with 
the multiple-resonance capacitor section 102 and the 
conductor pattern 12 between two points connected thereto. 

Fig. 19 shows a VSWR characteristic of the antenna 
device 100. As shown in the figure, the antenna section 106 
represents the first resonance frequency f21, the first . 
multiple-resonance section 107 represents the second 
resonaunce frequency f22 which is higher than the first 
resonance frequency f21, and the second multiple-resonance 
section 108 represents the third resonance frequency f23 
which is higher than the second resonance frequency f22. In 
addition, by adjusting a material used for the elementary 
body 82B or an area of the planar conductor 103, it is 
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possible to easily change the second resonance frequency. 
Similarly, by adjusting a material used for the elementary 
body 82A or an area of the planar conductor 105, it is 
possible to easily change the third resonance frequency. 

In the antenna device 100 having such a construction, 
it is possible to obtain the same functions and effects as 
those of the seventh embodiment, and since the planar 
conductors 103 and 105 are disposed to face the conductor 
pattern 12 and the first and second multiple-resonance 
sections 107 cuid 108 are formed using the parasite 
capacitances, it is possible to easily construct the antenna 
device . 

In addition, according to the embodiment, similar to 
the aforementioned sixth embodiment, there may be provided a 
meander pattern 87 having a meander shape and connected to 
the land 13A of the loading section 4. 

Next, an antenna apparatus according to a ninth 
embodiment is described with reference to Figs. 20 to 23. 

The antenna device 1 according to the embodiment is an 
antenna device used for a mobile phone 60 shown in Fig. 20 
applied to, for example « a reception frequency band of PDC 
(Personal Digital Cellular) using 800MHz and GPS (Global 
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Positioning System) using l,5GHz. 

As shown in Fig. 20, the mobile phone 110 includes a 
base 161, a main circuit substrate 162 which is disposed in 
an inner portion of the base 161 and provided with a 
communication control circuit including a radio frequency 
circuit, and the antenna device 1 which is connected to the 
radio frequency circuit provided to main circuit substrate 
162. In addition, the antenna device 1 is provided with a 
feed pin 163 which cozmects a later-described feed section 
126 to the radio frequency circuit of the main circuit 
substrate 162 and a GND pin 164 which connects a later- 
described conductor film connection pattern 136 to a grovind 
of the main circuit substrate 162. 

Hereinafter, the antenna device 1 is described with 
reference to a schematic view of the antenna device. 

As shown in Fig. 21, the antenna device 1 includes a 
substrate 2 which is made of an insulating material such as 
a resin, a rectangrular conductor film 121 disposed on a 
surface of the substrate 2, first and second loading 
sections 123 and 124 which are disposed on the surface of 
the substrate 2 to be parallel to the conductor film 121, an 
inductor section 125 which connects base ends of the first 
and second loading sections 123 and 124 to the conductor 
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film 121, a feed section 126 which feeds a current to a 
connection point P of the first and second loading sections 
123 and 124 and the inductor section 125, and a feed 
conductor 127 which connects the connection point P to the 
feed section 126. 

The first loading section 123 includes a first loading 
element 128, lands 13 2A and 132B which are disposed on a 
surface of the substrate 2 to be used to mount the first 
loading element 128 on the siibstrate 2, a connection 
conductor 120 which connects the land 132A to the connection 
point P, and a concentrated constant element 134 which is 
formed on the connection conductor 120 and connects a 
division portion (not shown) for dividing the connection 
conductor 120. 

AS shown in Fig. 22 (a) , the first loading element 128 
is constructed with a rectangular parallelepiped elementary- 
body 135 made of a dielectric material such as alumina and a 
line-shaped conductor pattern 136 wound around a surface of 
the elementary body 135 in a longitudinal direction thereof 
in a helical shape. Both ends of the conductor pattern 136 
are connected to connection conductors 13 7A and 137B 
disposed on a rear surface of the elementary body 135, 
respectively, so as to be connected to the lands 132 A and 
132B. 
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The concentrated constant element 134 is constructed 
with, for example, a chip inductor. 

In addition, the second loading section 124 is disposed 
to face the first loading section 123 through the connection 
point P, and, similar to the first loading section 123, 
includes a second loading element 129, lands 142A and 142B, 
a connection conductor 130, and a concentrated constant 
element 134. 

As shown in Fig. 22 (b) , similar to the first loading 
element 128, the second loading element 129 is constructed 
with an elementary body 145 and a conductor pattern 146 
wound around a surface of the elementary body 145. 

Both ends of the conductor pattern 146 are connected to 
connection conductors 147A and 1473 formed on a rear surface 
of the elementary body 145 so as to be connected to the 
lands 142A and 142B. 

The inductor section 124 includes a conductor film 
connection pattern 131 which connects the connection 
conductors 120 and 130 to the conductor film 121 and a chip 
inductor 132 which is disposed on the conductor film 
connection pattern 131 and connects a division portion (not 
shown) for dividing the conductor film connection pattern 
131. 
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In addition, the feed conductor 127 has a straight line 
shaped pattern for connecting the connection conductor 130 
to the feed section 126 connected to the radio frequency 
circuit RP, 

In addition, by suitably adjusting a length of the feed 
conductor 127, in\pedance matching at the feed section 126 
can be obtained. 

As shovm in Fig. 23, in the antenna device 1, the first 
antenna section 141 is constructed with the first loading 
section 123, the inductor section 5, and the feed conductor 
127, and the second antenna section 142 is constructed with 
the second loading section 124, the inductor section 5, and 
the feed conductor 127, 

The first antenna section 141 is constructed to have a 
first resoxiance freqn^ency by adjusting an electrical length 
thereof using a length of the conductor pattern 136, an 
inductance of the concentrated constant element 134, or an 
inductance of the chip inductor 132. 

In addition, similar to the first resonance frequency 
fl, the second antenna section 142 is constructed to have a 
second resonance frequency by adjusting an electrical length 
thereof using a length of the conductor pattern 146, an 
inductance of the concentrated constant element 134, or an 
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inductance of the chip inductor 132. 

In addition, the first and second loading sections 123 
and 124 are constructed to have physical lengths to be 
shorter than 1/4 of antenna operating wavelengths of the 
first and second antenna sections 141 and 142. By doing so, 
self resonance frequencies of the first and second loading 
sections 123 and 124 are higher than first and second 
resonance frequencies, that is, the antenna operating 
frequencies of the antenna device 1. Therefore^ in terms of 
the first and second resonance frequencies, the first and 
second loading sections 123 and 124 are not considered to 
perform self resoneuice, so that a property thereof is 
different from that of a helical antenna which performs the 
self resonance with the antenna operating frequency. 

Fig. 24 (a) shows a VSWR (Voltage Standing Wave Ratio) 
characteristic of the antenna device 1. As shown in the 
figure, the first antenna section 141 represents a first 
resonance frequency fl, and the second antenna section 142 
represents a second resonance frequency f2 which is higher 
than the first resonance frequency fl. 

In addition, as shown in Fig. 24 (a), the first 
resonance frequency fl is arranged to cope with a reception 
frequency band for PDC, and the second resonance frequency 
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£2 is arranged to cope with a band of 1.5GHz for GPS. 
However, as described above, by suitably adjusting the 
electrical lengths of the first and second antenna sections 
141 and 142, the first resonance frequency fl may be 
arranged to cope with a reception frequency band, and the 
second resonance frequency f2 may be arranged to cope with a 
transmission frequency band as shown in Fig. 24 (b) . 

In the antenna device 1 having such as a construction, 
although the physical length of the antenna element parallel 
to the conductor film 121 is shorter than 1/4 of the antenna 
operating wavelength, the electrical length becomes 1/4 of 
the antenna operating wavelength due to a combination of the 
first and second loading sections 123 and 124 cuid the 
inductor section 125. Therefore, in terms of the physical 
length, the antenna device can be miniaturized greatly. 

In addition, due to the concentrated constant elements 
134 and 124 provided to the first and second loading 
sections 123 and 124, it is possible to set the first and 
second resonance frequencies fl and f2 without adjusting 
lengths of the conductor patterns 126 and 136. By doing so, 
when the first and second resonance frequencies fl and f2 
are set, there is no need to change the number of windings 
of the conductor patterns 126 and 136 according to such 
conditions as groimd size of a case where the cuitenna device 
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1 is moimted, and there is no need to change sizes of the 
first and secpnd loading elements 128 and 129 according to a 
change in the number of windings. Therefore, it is possible 
to easily set the first and second resonance frequencies fl 
and f2. 

In addition, in the embodiment/ as shown in Fig. 25, 
there may be provided an impedcmce adjusting section 145 
between the connection point P and the feed section 126. 

The impedance adjusting section 145 may be constructed 
with, for example, a chip capacitor and disposed to be 
connected to a division portion (not shown) for dividing the 
feed conductor 127. As a result, by adjusting a capacitance 
of the chip capacitor, it is possible to easily match the 
impedance at the feed section 126. 

Next, a tenth ennbodiment is described with reference to 
Figs. 26 and 27. In addition, the later description, the 
components described in the aforementioned embodiment are 
denoted by the same reference numerals, and description 
thereof is omitted. 

A difference between the tenth and ninth embodiments is 
as follows. In the antenna device 1 according to the ninth 
embodiment, the first antenna section 141 is constructed 
with the first loading section 123, the inductor section 5, 
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and the feed conductor 127. However, in an antenna device 
50 according to the tenth embodiment, a first antenna 
section is constructed with the first loading section 123, 
the inductor section 5, and the feed conductor 127, and a 
meander pattern 151 disposed on a front end of the first 
loading section 123 • 

Namely, as shown in Fig. 26, a meander pattern 151 is 
formed in a meander shape and connected to a land 132B of 
the first loading section 123 on a surface of the s\ibstrate 
2. 

The meander pattern 151 is disposed so that a long axis 
thereof is parallel to the conductor film 3. 

As shown in Fig. 27, in the antenna device 50, a first 
antenna section 155 having a first resonance frequency is 
constructed with the first loading section 123, the meander 
pattern 151, the inductor section 125, and the feed 
conductor 127, and the second antenna section 142 having a 
second resonance frequency is constructed with the second 
loading section 124, the inductor section 5, and the feed 
conductor 127 • 

In the antenna device 50 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the antenna device 1 according to the ninth 
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embodiment, and since the first loading section 123 is 
connected to the meander pattern 151 i it is possible to 
obtain a first auitenna section 155 having a wide band or a 
high gain. 

In addition, in the embodiment, the meander pattern 151 
may be connected to a front end of the second loading 
section 124 or front ends of the first and second loading 
sections 123 and 124. 

In addition, similar to the ninth embodiment, an 
impedance adjusting section 145 may be formed between the 
connection point P and the feed section 126, 

Next, an eleventh embodiment is described with 
reference to Figs. 28 and 29, In addition, the later 
description, the components described in the aforementioned 
embodiment are denoted by the same reference numerals, and 
description thereof is omitted. 

A difference between the eleventh and tenth embodiments 
is as follows. In the antenna device 50 according to the 
tenth embodiment, the first antenna section is constructed 
with the first loading section 123, the inductor section 5, 
the feed conductor 127, and the meander pattern 151 disposed 
at the front end of the first loading section 4. However, 
in an antenna device 70 according to the eleventh embodiment. 
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a first antenna section 171 includes an extension member 172 
connected to the front end of the mecuider pattern 151. 

Namely, the extension member 172 is a sijbstantially L- 
shaped curved flat metal member and constructed with a 
substrate mounting portion 173 of which one end is mounted 
and fixed on a rear surface of the substrate 2 and an 
extension portion 174 which is arranged to be curved from 
the other end of the substrate mounting portion 173. 

The substrate mounting portion 173 is fixed on the 
substrate by using, for example, a solder and connected via 
a through-hole 102 A formed in the substrate 2 to a front end 
of the meander pattern 151 disposed on a surface of the 
substrate 2. 

The extension portion 174 has a plate surface to be 
substantially parallel to the substrate 2 and a front end to 
face the first loading element 128, In addition, a length 
of the extension member 172 is suitably set according the 
first resonance frecjuency of the first antenna section 171. 

Here, a VSWR frequency characteristic of the antenna 
device 70 at a frequency of from 800MHz to 950 MHz is shown 
in Fig. 30. 

As shown in Fig. 30, the VSWR becomes 1.29 at a 
frequency of 906MHz, and a bandwidth becomes 55.43MHz at the 
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VSWR Of 2.0. 

In addition, a directionality of a radiation pattern in 
the XY plane of a vertical polarization wave at frequencies 
is shown in Fig. 31. Here, Fig. 31 (a) shows a 
directionality at a frequency of 832MHz, Fig. 31 (b) shows a 
directionality at a frequency of 85lMHz, Fig. 31 (c) shows a 
directionality at a frequency of 906MH2, and Fig. 31 (d) 
shows a directionality at a frequency of 925MHz. 

At the frequency of 832MHz, a maximum value is -4.02 
dBd, a minimxim value is -6.01 dBd, and an average value is - 
4.85dBd. In addition, at the frequency of 851MHz, a maximum 
value is -3.36dBd, a miniminn value is -6.03dBd, and an 
average value is -4.78dBd. In addition, at the frequency of 
906MHz, a maximum value is -2.49dBd, a minimum value is -> 
7.9dBd, and an average value is -5.19dBd. In addition, at 
the frequency of 925MHz, a maximum value is -3.23dBd, a 
minimum value is -9.61dBd, and an average value is -6.24dBd. 

In the antenna device 70 having such a construction, it 
is possible to obtain the same functions and effects as 
those of the antenna device 50 according to the ninth 
embodiment, cind since the extension laember 172 is connected 
to the front end of the meander pattern 151, it is possible 
to form the first antenna section 171 having a wide band or 
a high gain. 
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In addition, since t±ie extension portion 174 is 
disposed to face the first loading element 128, it is 
possible to efficiently use an inner space of a case of a 
mobile phone including the antenna device 70. In addition, 
since the extension portion 174 is disposed to be separated 
from the substrate 2, it is possible to reduce influence of 
a high frequency current flowing through the first loading 
element 128 and the meander pattern 151. 

In addition, in the embodiment, similar to the tenth 
embodiment, the extension member 172 may be connected to the 
front end of the second loading section 124 or to the front 
ends of the first and second loading sections 123 and 124. 

In addition, the extension member 172 may be provided 
to a surface of the substrate 2. 

In addition, similar to the aforementioned eighth and 
tenth embodiments, an impedance adjusting section 145 may be 
disposed between the connection point P and the feed section 
126. 

Hereinafter, a communication apparatus according to a 
twelfth embodiment of the present invention is described 
with reference to the accompanying drawings. 

The commiinication apparatus according to the embodiment 
is a mobile phone 201 shown in Fig. 32 and includes a case 
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202, a commxanlcation control circuit 203, and an antenna 
device 204. 

The case 202 includes a first case body 211 and a 
second case body 213 which can be folded from the first case 
body 210 through a hinge mechanism 212. 

On an inner surface of the unfolded first case body 211, 
there are provided operation key portion 214 inclining 
number keys or the like and a microphone 215 for inputting a 
sending voice « In addition, at one side wall of the first 
case body 211 which the hinge mechanism 212 is in contact 
with, an antenna receiving portion 211a for receiving the 
antenna device 204 shown in Fig. 33 is formed to protrude in 
the same direction as a long*-axis direction of the first 
case body 211. 

In addition, as shown in Fig- 33, in an inner portion 
of the first case body 211, there is provided a 
communication control circuit 203 including a radio 
frequency circuit. The communication control circuit 203 is 
electrically connected to later-described control circuit 
connection port 228 and ground connection port 229 which are 
provided to the antenna device 4. 

On an inner surface of the unfolded second case body 
213, there are provided a display 216 for displaying 
characters and images and a speaker 217 for outputting a 
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received voice. 

As shown in Fig, 34, the antenna device 204 include a 
substrate 221, a ground connection conductor (groimd 
connection portion) 222 formed on the sxabstrate 221, a first 
loading section 223 which is disposed on a surface of the 
substrate 221 so as for a longitudinal direction thereof to 
be parallel to a long axis direction of the first case bo<^ 
211, a second loading section 224 which is disposed on the 
surface of the substrate 221 so as for a longitudinal 
direction thereof to be perpendicular to the long axis 
direction of the first case body 211, an inductor section 
225 which connects base ends of the first and second loading 
sections 223 and 224 to the ground connection conductor 222, 
a feed section 226 which feeds a current to a connection 
point P of the first and second loading sections 223 and 224 
and the inductor section 225, and a feed conductor 227 which 
is branched from the inductor section 225 and electrically 
connects the connection point P to the feed section 226. 

The substrate 221 has a substantially L-shaped 
construction including a first substrate portion 221a 
extending in one direction and a second substrate portion 
221b curved from the first substrate portion 221a and 
extending in a lateral direction and is made of an 
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insulating material such as a PCB resin. In addition, on a 
rear surface of the substrate 221, there are provided a 
control circuit connection port 28 which is connected to a 
radio frequency circuit of the communication control circuit 
203 and a ground connection port 229 which is connected to a 
ground of the communication control circuit 203. 

In addition, the control circuit connection port 228 is 
connected to the feed section 226 via a through-hole formed 
on the substrate 221, In addition, the ground connection 
port 229 is connected to the ground connection conductor 222 
via a through-hole. 

The first loading section 223 includes a first loading 
element 231, lands 232A and 232B which are disposed on a 
surface of the first substrate portion 221a to be used to 
mount the first loading element 231 on the first substrate 
portion 221a, a connection conductor 233 which connects the 
land 232A to the connection point P, and a concentrated 
constant element 234 which is formed on the connection 
conductor 233 and connects a division portion (not shown) 
for dividing the connection conductor 233, In addition, the 
first loading section 223 is arranged to be received in the 
cuitenna receiving portion 211a. 

As shown in Fig. 35 (b) , the first loading element 231 
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is constructed with an elementary body 235 aiade of a 
dielectric material such as alumina and a line-shaped 
conductor pattern 236 wound aroTind a surface of the 
elementary body 235 in a longitudinal direction thereof in a 
helical shape. 

Both ends of the conductor pattern 236 are connected to 
connection conductors 237A and 237B disposed on a rear 

ft 

surface of the elementary body 235, respectively, so as to 
be connected to the lands 232A and 232B. 

The concentrated constant element 234 is constructed 
with, for example, a chip inductor. 

In addition, simil€u: to the first loading section 223, 
the second loading section 224 is disposed on the second 
substrate portion 221b and includes a second loading element 
241, lands 242A and 242B, a connection conductor 243, and a 
concentrated constant element 244. In addition, the second 
loading section 224 is constructed to be disposed along an 
inner surface wall of one side wall of the first case body 
211. 

In addition, similar to the first loading element 231, 
as shown in Fig. 35 (b) , the second loading element 241 is 
constructed with an elementary body 245 and a conductor 
pattern 246 woxand aroiand a surface of the elementary body 
245. 
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In addition, both ends of the conductor pattern 246 are 
connected to connection conductors 247A and 247B formed on a 
rear surface of the elementary body 245 so as to be 
connected to the lands 242A and 242B. 

The inductor section 225 includes an L-shaped pattern 
251 which connects the connection point P to the groxmd 
connection conductor 222 and a chip inductor 252 which is 
disposed to be closer to the ground connection conductor 222 
than a branch point of the feed conductor 227 of the L- 
shaped pattern 251 and connects a division portion (not 
shown) for division the L-shaped pattern 251. 

In addition, the feed conductor 227 has a straight line 
shape pattern for connecting the L-shaped pattern 251 to the 
feed section 226 connected to the communication control 
circuit 203, 

As shown in Fig. 36, in the antenna device 204, a first 
antenna device 253 is constructed with the first loading 
section 223, the inductor section 225, and the feed 
conductor 227, and a second antenna device 254 is 
constructed with the second loading section 224, the 
inductor section 225, and the feed conductor 227. In 
addition, in Fig. 36, RF denotes a radio frequency circuit 
provided to the commxmication control circuit 203. 
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The first antenna device 253 is constructed to have a 
first resonance frequency by adjusting cui electrical length 
thereof using a length of the conductor pattern 236, or an 
inductance of the concentrated constant element 234, or an 
inductance of the chip inductor 252. 

In addition, similar to the first resonance freq^aency, 
the second antenna device 254 is constructed to have a 
second resonance frequency by adjusting an electrical length 
thereof using a length of the conductor pattern 246, an 
inductance of the concentrated constant element 244, and an 
inductance of the chip inductor 252. 

In addition, the first and second loading sections 223 
and 224 are constructed to have physical lengths to be 
shorter than 1/4 of antenna operating wavelengths of the 
first and second antenna devices 253 and 254. By doing so, 
self resonance frequencies of the first and second loading 
sections 223 and 224 are higher than first and second 
resonance frequencies, that is, the antenna operating 
frequencies of the antenna device 204. Therefore, in terms 
of the first and second resonance frequencies, the first and 
second loading sections 223 and 224 are not considered to 
perform self resonance, so that a property thereof is 
different from that of a helical antenna which performs the 
self resoncuice with the antenna operating frequency. 
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In the mobile phone 201 having such as a construction, 
although the physical length of the antenna element is 
shorter than 1/4 of the antenna operating wavelength, the 
electrical length becomes 1/4 of the antenna operating 
wavelength due to a combination of the loading sections and 
the inductor section 225. Therefore, in terms of the 
physical length, the antenna device can be miniaturized 
greatly. 

In addition, since the first loading section 223 is 
disposed in an inner portion of the antenna receiving 
portion 211a and the second loading section 224 is disposed 
along an inner surface side of one side wall of the first 
case body 211, a space occupied by the antenna device 204 
can be lowered, so that a space factor becomes better. 

In addition, since the first loading section 223 is 
received in the antenna receiving portion 211a formed to 
protrude from the first case body 211, it is possible to 
improve transmission and reception characteristics of the 
first antenna device 253 . 

In addition, due to the concentrated constant elements 
234 and 244 provided to the first and second loading 
sections 223 and 224, it is possible to set the first and 
second resonance frequencies without adjusting lengths of 
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the conductor patterns 236 and 246. Therefore, it is 
possible to easily set the first and second resonance 
frequencies without changing a size of ground of the 
substrate 221. 

First Example 

Next, first to third examples of an antenna device 
according to the present invention are described in detail. 

As a first example, the antenna device 1 according to 
the first embodiment had been manufactured. As shown in 
Fig. 37, in the antenna device 1, the loading section 4 was 

made of alumina, and a copper line having a diameter 9 of 
0.2mm as the conductor pattern 12 had been wound around a 
surface of the rectangular parallelepiped elementary body 11 
having a length L5 of 27 mm, a width L6 of 3.0mm, and a 
thickness L7 of 1.6mm in a helical shape with a central 
interval Wl of 1.5mm. 

Second Example 

In addition, as a second example, the antenna device 50 
according to the second embodiment had been manufactured. 

As shown in Fig. 38, in the antenna device 50, the 
loading section 51 was made of alumina, and the conductor 
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pattern 52 made of silver having a width W2 of 0.2inm had 
been forxoed on a surface of the rectangular parallelepiped 
elementary body 11 having a thickness L8 of l.Qinm in the so 
as for a length L9 of the elementary body 11 in the width 
direction thereof to be 4iRm, a length LIO of the elementary 
body 11 in the longitudinal direction thereof to be 4inm, and 
a period to be 12inm in a meander shape. 

VSWR frequency characteristics of the antenna device 1 
and the antenna device 50 at a frequency of from 400 to 
500MHz are shown in Figs. 39 and 40. 

As shown in Fig. 39, the antenna device 1 had a VSWR of 
1.233 at a frequency of 430MHz and a bandwidth of 18.53MHz 
at a VSWR of 2.5. 

In addition, as shown in Fig. 40, the anteiana device 50 
had a VSWR of 1.064 at a frequency of 430ldHz and a bandwidth 
of 16.62MHz at a VSWR of 2.5. 

As a result, it can be understood that the amtenna 
device could be miniaturized even in a relatively low 
frequency region such as a band of 400MHz. 

Third Example 

Next, as a third example r the cuitenna device 70 
according to the fifth embodiment had been manufactured, and 
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as a comparative example, an antenna device having no 
meander pattern 71 had been manufactured. 

VSWR frequency characteristics of the antenna devices 
of the third example and the comparative example at a 
frequency of from 800 to 950HHz are shoum in Fig. 41 (a) and 
(b) • Radiation patterns of the vertical polarization 

waves of the antenna devices of the third example and the 
comparative example are shown in Fig. 42 (a) and (b) . 

As shown in Figs. 41 (a) and 42 (a), in the antenna 
device 70, a bandwidth at a VSWR of 2.0 became 38.24MHz, and 
in the radiation pattern of the vertical polarization waves » 
a maximum value of gain became '2.43dBd/ a minimum value 
thereof became -4.11dBd, and an average value thereof became 
-3.45dBd. 

As shown in Figs. 41 (b) and 42 (b) , in the antenna 
device of the comparative example, a bandwidth at a VSWR of 
2.0 became 27. 83MHz, and in the radiation pattern of the 
vertical polarization waves, a maximum value of gain became 
-4.32dBd, a minimum value thereof became -5.7dBd, and an 
average value thereof became -5,16dBd. 

As a result, it could be understood that it was 
possible to obtain an antenna device having a wide band or a 
high gain by providing the meander pattern 71. 

Fourth Example 
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Next, a fourth example of a communication apparatus 
according to the present invention is described in detail. 

As the fourth example, the mobile phone 1 according to 
the twelfth embodiment had been manufactured, and a VSWR 
(Voltage standing Wave Ratio) frequency characteristic at a 
frequency of from 800 to 950MHz had been measured. The 
result is shown in Fig. 43. 

As shown in Fig. 43, the first antenna device 53 
represents the first resonance freQ[uency fl, and the second 
antenna device 54 represents the second resoneuice frequency 
f2 which is higher than the first resonance frequency. Here, 
a VSWR at a frequency of 848.37HHz (a frequency f3 shown in 
Fig. 43} in the vicinity of the first resonance freqruency fl 
became 1.24. 

Next, in the mobile phone at a frequency of 848.37MKZ, 
a directionality of the radiation pattern of the vertical 
polarization wave in the XY plane shown in Fig. 43 and a 
directionality of the radiation pattern in the YZ plane of 
the horizontal wave had been measured. The result is shown 
in Fig. 44. 

As shown in Fig. 44, in the vertical polarization wave, 
a maximum value became 1.21dBi, a minimum value became 
0.61dBi, and an average value became 0.86dBi, and in the 
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horizontal polarization wave, a maximxjm value became 1.17dBi# 
a minimum value became '22.21dBi, and an average value 
became -2.16dBi. 

In addition, as shown in Fig. 45, for example, an 
antenna device 262 may be constructed by forming a division 
portion (not shown} at the feed conductor 27 and providing a 
chip capacitor (impedance adjusting section) 261 for 
connecting the division portion. Here, it is possible to 
easily match the impedance at the feed section 226 by 
changing a capacitance of the chip capacitor 261. In 
addition, the ixnpedance adjusting section is not limited to 
the chip capacitor, but an inductor may be used. 

The present invention is not limited to the 
aforementioned embodiments, but various modifications may be 
made within a scope of the present invention without 
departing from a spirit of the present invention. 

For exair^le, although the antenna operating frequency 
is set to 430MHz in the aforementioned embodiments, the 
frequency is not limited thereto, but other antenna 
operating frequencies may be used. 

In addition, although the antenna device according to 
the embodiment has a helical shape where the conductor 
pattern is wound around a surface of the elementary body, it 
may have a meander shape formed on a surface of the 
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elementary body. 

In addition, the conductor pattern is not limited to 
the helical shape or the meander shape, but other shapes may 
be used. 

In addition, although a chip capacitor is used as an 
in^pedcuice adjusting section, any members for adjusting 
impedance at the feed section may be used, and for exaii^)le, 
a chip inductor may be used. 

In addition, although a dielectric material such as 
alumina is used for the elementary body, a magnetic material 
or a conplex material having dielectric and magnetic 
properties may be used. 

INDUSTRIAL APPLICABILITY 

In an antenna device according to the present invention, 
although a physical length of an antenna element parallel to 
an edge side of a conductor film is shorter than 1/4 of an 
antenna operating wavelength, it is possible to obtain an 
electrical length which is 1/4 of the euitenna operating 
wavelength due to a combination of a loading section and an 
inductor section. Therefore, in terms of the physical 
length, the antenna device can be miniaturized greatly. As 
a result, since the antexma device can be miniaturized, even 
in a relatively low frequency band such as 400MHz band, the 
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present invention can be applied to a built-in antenna 
device for a practical radio apparatus. 

In addition, it is possible to easily set the first and 
second resonance frequencies by adjusting an inductance of 
an inductor section. 

In addition, in a communication apparatus according to 
the present invention^ since the one of two loading sections 
is received in an antenna receiving portion and the other is 
disposed along an inner surface side of one side wall of a 
case body, a space factor becomes better without limitation 
to an arrangement position of a communication control 
circuit. 
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